We found an epiic of juvenile hypothyroidism among a population of se-defied "donwinders" living near the Hanford nuclear facility located in southeast Washington State. The episode followed massive releases of 13L Self-reported data on 60 cases of juvenile hypothyroidism (<20 years of age) among a group of 801 Hanford downwinders are presented, as well as data concerning the thyroid status of approximately 160,000 children eTosed to radioiodine before 10 years of age as a result of the 26 
Hypothyroidism is a potential environmental hazard associated with ingestion, physiological uptake, and concentration of radioiodine by the thyroid. Congenital hypothyroidism is well known. Acquired hypothyroidism in childhood (<20 years of age) is uncommon, though dependent on natural environmental iodine levels. Its onset is insidious and the importance of prompt recognition of the condition is related to its association with impairment of physical and mental development, as documented by the initial findings in an exposed Marshall Island population (1) . Because hypothyroidism can easily and successfully be treated, its detection is clinically important. Therapeutic high-dose radiation exposure to the head and neck is a known risk factor and the association of delayed hypothyroidism following treatment of hyperthyroidism with 131I has long been recognized (4. We present data about hypothyroidism in children exposed to fallout from Chernobyl in the former Soviet Union, as well as data about hypothyroidism in juveniles exposed to radioactive emissions from the Hanford, Washington, plutonium manufacturing plant.
Materials and Methods
Hanford area. The Hanford nuclear site in eastern Washington State an exposure index, although it was recognized that radiocesium, which follows a different precipitation pattern, was a poor index of exposure to gaseous radioiodine.
The ratio of i31i/137Cs varies nonlinearly with 137Cs concentrations. The ratio also varies significantly between geographic regions (4). In addition, migration of the population could have distorted the possible association of radiocesium with hypothyroidism.
The plans for the Chernobyl-area study were initiated in 1990 by the Nippon Foundation at the request of the administration of the USSR. The Japanese planning committee developed a protocol for the study and selected the equipment for use in screening. The screening equipment was installed in 1991. The Chernobyl Sasakawa Health and Medical Cooperation Project was completed and a final conference was held 14-15 October 1996 in Kiev, Ukraine. The presentations and data produced were published (5) . The data include the following: 1) the number of children studied, by sex and age at the time of the explosion; 2) the year of examination, 3) the place of residence, and usually the district of residence (at the time of the explosion), 4) the results of thyroid examinations by ultrasound and by thyroid function tests, 5) the hematological indices, 6) the results of 137Cs body burden estimations, and 7) the year of examination. The study used both standardized equipment and protocols, thus assuring uniformity in the data and a high level of quality. Hypothyroidism was defined as free thyroxin (T4) <10 pmol/l and thyroid-stimulating hormone (TSH) >2.9 pIU/ml as tested by an Amerlite hormone analyzer (Amersham, Tokyo) using an immunometric technique based on enhanced luminescence. We included in our review only those communities with two or more cases of hypothyroidism of either sex. Table 1 shows the number of individuals who were tested for TSH and T4 according to sex, age, and residence at the time of the Chernobyl accident.
Results
We present ratios of reported hypothyroid cases per number of respondents alive during 5-year periods, normalized per year and per 100,000 (Table 2, Fig. 2 ) for Hanford downwinders, whereas rates per 10,000 children at risk are given for the Chernobyl population.
Hanford downwinders. Table 2 shows the number of reported juvenile hypothyroid cases and all juvenile respondents alive, in 5-year time periods during which the condition was diagnosed, as well as ratios per 100,000 per year in our group. For comparison the same information is provided for adults in our study group. Of the 60 cases of juvenile hypothyroidism in our group, 54 were females and 6 males. The onset of hypothyroidism was strongly associated with the years of reported maximum radioiodine releases, 1944-1949; onset reached a maximum approximately 15 years later in juveniles, then dropped off. The ratios for juveniles after 1960 become rapidly insignificant, perhaps due to the decline in the number of juvenile respondents in our group ( Table 2) . Most of the juvenile hypothyroid cases were exposed as children <10 years of age. The ratios for adult hypothyroidism appeared to rise more rapidly (Fig. 2) , reaching a maximum only 5 years after the heaviest radioiodine releases, and they remained high until the end of our survey in 1997, as compared to pre-1944 values. A separate report about adult hypothyroidism in this group is in preparation. Table 3 shows the distribution of cases of juvenile hypothyroidism by county (those induded in the HEDR study) (3), the population <20 years of age, and the ratio per 100,000 population <20 years of age for the 1950 census (6) . These ratios by county are shown in Figure 3 against the background of isopleths of estimated cumulative 1311 thyroid dose (in rad) to a child from exposure to all pathways for the years 1944 through 1951 (assuming milk came from cows on fresh pastures) (3). Keeping in mind that much of the county data are based on small numbers of cases (Table 3) , and the large uncertainties in the estimated HEDR doses, there is reasonable concordance between estimated thyroid doses and the case rates.
The downwinders' questionnaire induded a question for parents as to whether their child (or children) had reported learning disabilities. Of 136 traceable children without hypothyroidism, 37 had learning disabilities. Of 10 traceable children with hypothyroidism, 4 children had learning disabilities, in contrast to the 2.7 expected. Environmental Health Perspectives * Volume 107, Number 4, April 1999 Figure 3 . Isopleths of doses to the thyroid for a child (3) and ratio of self-reported cases of hypothyroidism per 100,000 population under 20 years of age in potentially exposed counties represented in the Hanford downwinder group (Table 3) . A dash (-) in Table 3 and on the map indicates that we have no reported cases of juvenile hypothyroidism from these counties among our group of respondents. Chernobyl study population. Table 4 shows the number of cases of hypothyroidism and rates per 10,000 for boys and girls for each of the five regional screening centers (5) . The exposures in Gomel and Zhitomir were greater than those in Mogilev and Bryansk and lowest in Kiev (Fig. 4) . The rates of hypothyroidism were appreciably higher in Zhitomir and Gomel, somewhat higher in Mogilev and Bryansk, and lowest in Kiev. The only exception was the female rate in Kiev, which was approximately equal to that in Mogilev.
Using data obtained from individual communities (Table 5) , we first selected those communities with two or more cases of hypothyroidism of either sex and averaged the body burden estimates of 137Cs for those communities in relationship to frequency of hypothyroidism. Because of its uniform availability and general stability, we chose to represent the body burden as the upper 75th percentile of the distribution. We included any community for which there were six or more body burden measurements. The exposure data per community are similar for boys and girls, yet the rates for girls are mostly higher than those for boys. Figure 5 shows the relationship of body burden of 137Cs with hypothyroidism for boys and Figure 6A and 6B show the same for girls. Figure 5 shows a correlation coefficient of 0.71, which is significant. For girls, even when the communities with exposures above a mean of 60 Bq/kg are omitted (Fig. 6B) , the coefficient is only 0.35, which is nonsignificant.
Discussion
Although the self-selected nature of the Hanford sample precludes any effort to estimate the rate of incidence ofhypothyroidism in the population in general, the large The upper normal limits of serum TSH used to define hypothyroidism for the Chernobyl children (5) seem somewhat lower than those generally used dinically. On the other hand, no laboratory data were available for the group of Hanford downwinders.
We believe that these Hanford and Chernobyl data, along with the data from the Marshallese study (10) 
